This study tests the international transmission from NASDAQ100 index spot and 
I. INTRODUCTION
International transmission of stock market movements has been widely studied focusing on the national stock markets and recently OTC markets. Earlier studies (Eun and Shim(1989) , Koch and Koch(1991) , Campbell and Hamao(1992) , Bekaert and Harvey(1997) , Karolyi and Stultz(1996) , Ng(2000) , to name a few) report, among others, that returns in major stock exchanges are interdependent and that there are information spillovers from the U.S. to other major stock exchanges.
There are two broad categories of explanations on the co-movement of stock market returns.
1 One is that aggregate shocks from one country affect both directly and indirectly the fundamentals of stock prices in more than one country. These are shocks related to the information on stock prices. The other is contagion, which is not explained by fundamentals. To test the hypothesis of contagion, Forbes and Rigobon (2002) examine if cross-market correlation of stock market returns increases during the period of crisis, such as the 1997 East
Asian crisis, the 1994 Mexican peso collapse, and the 1987 U.S. stock market crash. Suggesting that standard estimates of cross-market correlation are upward biased during the market turmoil, they find virtually no contagion based on the test of adjusted correlation coefficients. Kim and Kim(2002) test the hypotheses of information and contagion using the return series from S&P500, NIKKEI225, KOSPI200, NASDAQ, JASDAQ, and KOSDAQ index.
Their study indicates that S&P500 index returns have predictive power over both NIKKEI225
and KOSPI200 index returns only before the 1997 Korean currency crisis period, while NASDAQ index returns have significant predictive power over both JASDAQ and KOSDAQ index returns both before and after the 1997 Korean currency crisis. 2 Lee, Rui, and Wang (2003) also study the information transmission between the NASDAQ market and Asian OTC markets. They report that there is evidence of return and volatility spillover effects from NASDAQ to the Asian OTC markets.
This paper undertakes an investigation of international OTC market linkages, especially index futures markets between the U.S. and Korea. Investigation of futures markets has distinctive advantages compared to that of cash markets when we examine the market linkages. First of all, the prices in the futures market do not suffer from the nonsynchronous trading effects. Secondly, futures prices are free from bid-ask spread, whereas cash index needs to adjust for the spreads. Lastly, futures price are believed to reflect information more swiftly because of low transaction costs.
The amount of information, related to the value of the stocks listed, would be different among national stock exchanges markets, OTC markets and OTC index futures markets. It is worth investigating the price co-movement among OTC index futures markets. Until now, the majority of researches in the price co-movement among stock markets were limited to the national stock exchanges and OTC markets. To our knowledge this paper attempts to investigate the international market linkages using the futures market data for the first time. We also believe that the characteristic of OTC market would give us a special opportunity to investigate the market whose constituent companies are mainly technology firms. This technology firm value reflects more the present value of investment opportunities as opposed to the value in asset.
Therefore the information transmission for the technology firms might show different patterns from the bricks-and-mortar companies as was suggested by Kim and Kim (2002) .
Additionally, we expect that the information transmission from NASDAQ100 index futures market to KOSDAQ50 index futures market may grow stronger because the NASDAQ100 index futures market is operating 24 hours owing to the Globex2 system. NASDAQ100 index cash and futures have much stronger effect over the close-to-open returns of KOSDAQ50 index. We also find that the NASDAQ100 index futures returns have strong predictive power over the KOSDAQ50 index futures returns similar to the results from the NASDAQ100 index spot.
In addition, the tests show that the close-to-open returns of the NASDAQ100 index futures rather than those of NASDAQ100 index cash have stronger information spillover effect over the open-to-close returns of both the KOSDAQ50 index cash and futures. We infer that investors in Korea consider the real-time price change of the NASDAQ100 index futures and cash due to active Globex trading.
The results also represent that there is co-movement between the KOSDAQ50 index cash and the NASDAQ100 index cash and between the KOSDAQ50 index futures and the NASDAQ100 index futures. These findings are consistent with the previous results, for example, Hamao, Masulis, and Ng (1990) , Kim and Kim (2002) .
In conclusion, these findings support that the market efficiency and the international stock market integration are on the increasing trend in terms of both mean and time varying volatility. Specifically, the results of the information spillover effects between NASDAQ100
index futures market and the KOSDAQ50 index futures market would provide useful information in country diversification and industry diversification.
The rest of this paper is organized as follows. Section II explains the NASDAQ100 index futures market and the KOSDAQ50 index futures market, while section III presents the data and preliminary statistics. The methodology is presented in section IV. We add the main result in section V and section VI concludes the paper.
II. NASDAQ100 and KOSDAQ50 index futures market
NASDAQ's success has helped Korea promptly to set up or formalize its OTC markets in 1990s. KOSDAQ(Korea Securities Dealers Automated Quotation) market was established in July 1996 in order to provide investment opportunities for high tech start-ups and small companies to raise capitals and for investors seeking high risk-high return investment opportunities, benchmarking NASDAQ. The companies listed on KOSDAQ are categorized into three sectors composed of non-venture companies, venture business with a high potential growth rate, and securities investment companies. Venture companies account for about 22% of total companies traded on the KOSDAQ market. Before the establishment of KOSDAQ, an OTC intermediary floor was set up in October 1991. After listing the KOSDAQ50 index futures, it has been used to hedge the investment risk in spot markets and employed as the means to hedge the risk of portfolios consisted of KOSDAQ50 index stocks. The KOSDAQ50 index is composed of 50 companies with highest market value and liquidity among more than 800 companies listed on the KOSDAQ market. 
III. Data and Preliminary Statistics
This study examines daily and intraday stock-price activity over a two-year period Because of differences in time zones, the daily close-to-close return in Korea overlaps with the U.S. trading day return. Figure 1 presents the timing of the markets and daily returns used in this study. In order to compare the market trading hours, we align Korea market trading hours with New York market trading hours. During the analysis periods, trading volume in the NASDAQ100 index futures and the KOSDAQ50 index futures markets grew rapidly. Figure 2 shows paired graphs for NASDAQ100 index futures and spot markets for the U.S., and the KOSDAQ50 index futures and spot markets for Korea, respectively. French and Roll's (1986) claim that more information is released during the trading time. Furthermore, all the stock index series are tested to ensure they are I(1). The results of the ADF and the PP tests are shown in Table 4 . The stock index series tests demonstrate that each has a unit root in its autoregressive representation. This indicates that each series is nonstationary, necessitating the calculation of first differences and the difference series are then checked for the presence of a unit root. We see that the ADF and the PP tests clearly reject the null hypothesis of the presence of a unit root for each series, implying that the difference series are indeed I(0). Therefore, we conclude the stock indices are I(1) for all indices.
Since it is established that each series is I(1), the next step is to test whether there exists a linear combination of two corresponding indices that is I(0). If this is found, the two series must be co-integrated. Results of the tests of co-integration are presented in Table 5 . The
Johansen test does not reject the null hypothesis of no co-integration for all series. We need not consider including the error-correction term in our model suggested by Engle and
Granger (1987) Measures for skewness and excess kurtosis indicate that all return series are significantly skewed and leptokurtic with respect to the normal distribution. The Bera-Jacque statistics for the return series of the NASDAQ100 index spot/futures and KOSDAQ50 index spot/futures are statistically significant, indicating the presence of serial correlation (linear dependencies). This suggests the presence of autoregressive conditional heteroskedasticity, i.e. volatility clustering, which can be properly modeled by the ARCH framework of Engle (1982) and Bollerslev (1986) .
VI. Methodology
Based on the results of the preliminary statistics, we have specified two-stage GARCH-based models. The Generalized ARCH(GARCH) model of Bollerslev(1986) restricts the conditional variance of a time series to depend upon past squared residuals of the process.
Since we are interested in interrelations between index spot and futures markets, we introduce a vector of predetermined variables both in the mean and conditional variance. Therefore, we We use nonlinear optimization techniques to calculate the maximum-likelihood estimates based on the Berndt-Hall-Hall-Hausman algorithm. The primary specification tests for the model involve the Ljung-Box statistic, which is used to test for a lack of serial correlation in the model residuals and in the residual squared. This statistic has been shown by McLeod and Li (1983) to be asymptotically chi-square distributed. Skewness and kurtosis coefficients for the normalized residuals are also checked. The descriptive validity of the estimated model can be evaluated with a likelihood ratio (LR) statistic that is chi-square distributed.
We also employ the same procedures to examine the conditional mean and variance spillover effects from the NASDAQ100 index spot to KOSDAQ50 index spot.
V. Empirical Results

A. Model Specification
This study examines the appropriateness of the GARCH-M specification for both open-to-close and close-to-open daily stock returns employing an MA(1)-GARCH(1,1)-M model. Table 6 For stability of the volatility process, the coefficients of the lagged errors and lagged conditional variances must sum to less than 1. We find the sum of the coefficients of the lagged 
B. Price and Volatility Spillover from NASDAQ100 index cash and futures markets to KOSDAQ50 index cash market
We consider the possibility of a spillover effect in the stock returns of NASDAQ100 index spot and futures on the conditional mean as well as conditional variance in the KOSDAQ50 index returns, using open-to-close and close-to-open returns data. Table 7 reports the estimates results of MA(1)-GARCH(1,1)-M model in equation (2). In Table 7 , we find that From these results, both NASDAQ100 index cash returns and NASDAQ100 index futures returns influence KOSDAQ50 index cash returns. And we also find that the NASDAQ100 index futures market, like NASDAQ100 index cash market, has predictive power that we need to investigate not only the closing price returns but also the opening price returns.
It also confirms why Lee, Rui, and Wang (2003) could not find any spillover effects in their study when they use closing prices.. Without studying the opening price we do not find any spillover effects in the closing prices between the NASDAQ and KOSDAQ markets. The comovement from the KOSDAQ50 index spot to the NASDAQ100 index spot is also observed.
C. Price and Volatility Spillover from NASDAQ100 index futures market to KOSDAQ50 index futures market
We consider the possibility of a spillover effect from the NASDAQ100 index futures market to KOSDAQ50 index futures market. Table 9 In sum, similar to the result from the NASDAQ100 index cash markets, the NASDAQ100 index futures returns have strong predictive power over the KOSDAQ50 index futures returns. We also find that there exist a slight feedback relation between the NASDAQ100 index futures market and the KOSDAQ50 index futures market. 
VI. Conclusion
This study attempts to examine the information transmission from the NASDAQ100 We also find that the NASDAQ100 index futures returns have strong predictive power over the KOSDAQ50 index futures returns similar to the result from the NASDAQ100 index spot.
In addition, the tests show that the close-to-open returns of the NASDAQ100 index futures rather than those of NASDAQ100 index spot have stronger information spillover effect over the open-to-close of both the KOSDAQ50 index spot and futures. The results represent also that there is co-movement between the KOSDAQ50 index spot and the NASDAQ100 index spot and between the KOSDAQ50 index futures and the NASDAQ100 index futures.
In conclusion, we claim that the results tend to support the information hypothesis that investors in Korean markets infer the value changes from the NASDAQ100 index futures and spot market movements. We also conclude that there are still large advantages if we take position in the KOSDAQ50 index spot and futures markets in the sense of international CAPM due to the independence of the NASDAQ100 index spot and futures markets.
These findings also support that the market efficiency and the international stock market integration are on the increasing trend in terms of both mean and time varying volatility.
Specifically, the results of the information spillover effects between NASDAQ100 index futures market and the KOSDAQ50 index futures market would provide useful information in country diversification and industry diversification. Table 6 Estimation results of AR (1) Table 12 The status of NASDAQ100 Index Futures 
Trading Halts
Daily price limits and trading halts of the Nasdaq 100 Index futures contract shall be coordinated with trading halts of the underlying stocks listed for trading in the securities markets.
If there is a trading halt declared in the primary securities market, trading shall be halted. Once trading in the primary securities market resumes after a trading halt, trading on the Nasdaq 100 Index futures contract shall resume. of GLOBEX trading of S&P 500 contracts. In particular, the opening time of GLOBEX trading will be delayed until 6:00 p.m. if GLOBEX trading of S&P 500 contracts is delayed until 6:00 p.m. 
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